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Simulation-Based Training Improves Student Assessment of Oral Feeding Skills
in Preterm Infants
Abstract
Advancements in medical technology have contributed to increased rates of preterm birth. Prematurity
places infants at high risk for feeding difficulties, however. Early identification and assessment of preterm
infant dysphagia is critical to maximize nutrition and hydration, feeding safety, and growth and
development. The purpose of this study was to assess the ability of a simulation-based training toolto
increase non-health care and entry-level clinical student sensitivity to signs of feeding distress in preterm
infants. Data were collected from 60 students (20 masters-level Speech-Language Pathology, 20
undergraduate nursing, 20 undergraduate non-health care) in a pre-test/post-test design. All participants
completed a brief simulation training protocol, and accuracy percentages were calculated based on their
ability to determine the following: physiological and behavioral signs of feeding distress, oral feeding skill
level (OFS), and clinical recommendation for further feeding evaluation. Our results revealed that this
simulation-based training improved the identification of behavioral (p < 0.001) and physiological (p <
0.001) signs of feeding distress, OFS level (p < 0.001), and ability to make appropriate clinical
recommendations (p < 0.001).This study has identified a successful method to effectively train entry-level
clinical and non-clinical students to screen feeding skills in preterm infants. This training approach has
the potential to improve identification of feeding distress and to recognize the need for a dysphagia
evaluation to optimize clinical outcomes in this fragile population.
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Introduction
While advancements in medical technology have substantially improved clinical outcomes,
preterm birth rates have risen world-wide over the last decade (Blencowe et al., 2012; Liu et al.,
2016). For instance, one out of every ten births in the U.S. are preterm (Hamilton et al., 2015).
Infants born prematurely face increased risks of developmental concerns and subsequent need for
healthcare (Bird et al., 2010; Glass et al., 2015; Petrou, 2005; Schmitt et al., 2016). More than 26%
of preterm infants demonstrate difficulty feeding and swallowing, also known as dysphagia
(Mercado-Deane et al., 2001). Dysphagia increases the risk for malnutrition, dehydration, and
aspiration, which can lead to aspiration pneumonia and other complex respiratory conditions (Eun
Uhm et al., 2013; Groher & Crary, 2010; Kakodkar & Schroeder, 2013; Lefton-Greif, 2008; Volpe,
2008). Further, feeding ability is a major concern for parents of infants in the Neonatal Intensive
Care Unit (NICU) and significantly contributes to maternal psychological distress (Park et al.,
2016).
To optimize feeding outcomes and decrease the risk of health concerns in this fragile population,
caution is taken when transitioning preterm infants to oral feeding. This transition requires careful
medical monitoring, and a specialized and trained clinical care team to recognize distress signals
of preterm infants and to accurately assess their oral feeding readiness. Speech-language
pathologists are brought into the healthcare team to assist the nursing staff and caregivers in this
oral feeding transition. Speech-language pathologists provide education to the nursing staff and
caregivers and are able to assess for signs of feeding safety to maximize oral feeding success. For
instance, during oral intake, infants display behavioral and physiological signs to indicate distress
(Ferguson et al., 2015; Groher & Crary, 2010). Physiological responses are automatic reactions to
indicate feeding distress and include coughing, apnea, desaturation, color changes,
hypoventilation, and bradycardia (Koenig et al., 1990; Mathew, 2011; Thach, 2007; Thoyre &
Carlson, 2003a., 2003b.). Additionally, behavioral responses that are adaptive or compensatory
behaviors indicating feeding distress include drooling, loud breathing and swallowing, gulping, or
abrupt muscle tone changes (Giambra & Meinzen-Derr, 2010; Liaw et al., 2005; Thoyre et al.,
2005).
In addition to monitoring behavioral and physiological signs of feeding safety, a volume-based,
objective Oral Feeding Skill (OFS) assessment tool (Figure 1) has been developed and validated
(Lau & Smith, 2011, 2012). Briefly, the OFS acts as a triage tool to categorize the feeding skill
level of the preterm infant based on volume measurements taken during the oral feeding session.
This tool defines the oral feeding skill level as the combined proficiency (PRO, %), which is a
measurement taken at the beginning of the feed and the rate of milk transfer (RT; mL/min) which
is measured over the entire feed. The PRO measurement captures the infants actual feeding ability,
whereas the RT indicates the endurance of the infant during oral feeding. Infant scores are
categorized into four OFS Levels based on their PRO and RT values, which indicate the feeding
skill advancement of the infant. Thus, this tool can provide valuable insight to the oral feeding
readiness of the infant.
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Figure 1. Oral Feeding Skills Assessment Tool as obtained from Lau & Smith, 2012.

Determining preterm infant feeding safety is complex, and the need for specialized health-care
training in this area is high. Because the speech-language pathology and nursing team and the
caregivers are the most involved in the feeding process, it is critical to ensure these individuals are
well-equipped to accurately assess infant feeding safety. This is a current challenge, however,
because there is no standardized training method to educate novice clinicians or caregivers to
assess preterm infant feeding ability. A standardized educational tool could be impactful in
providing effective training to novice clinicians, as well as educate caregivers to feel more in
control of their infant’s care. Simulation-based education, specifically with the use of high-fidelity
manikins, offer a unique opportunity to teach various techniques and training tools, bolster
foundational knowledge of complex populations, and improve comfort levels of students (Dudding
et al., 2019). Simulation-based education is an accepted educational practice across many
disciplines and recent literature shows promise for its utility to improve management and
assessment of dysphagia (Benadom & Potter, 2011; Jansen et al., 2015; Miles et al., 2016; Ward
et al., 2015). Specifically, Ferguson and Estis (2018) determined that video-recorded patient
simulation training was as effective as traditional didactic instruction to increase student ability to
assess preterm infant feeding skills (Ferguson & Estis, 2018). These students were familiar with
assessing patient vital signs and making clinical recommendations. Thus, to expand on this
previous literature and to more closely represent novice clinicians and caregivers, this study
included participants without previous knowledge of preterm infant dysphagia care, assessment,
or management.
Thus, the purpose of this study was to determine if a simulation-based training protocol would be
a successful method to educate novice students to accurately assess feeding safety in preterm
infants. The study asked the following research questions: 1) Is this simulation-based education an
effective method to improve student abilities to identify behavioral and physiological markers of
feeding distress using the OFS assessment tool, and make clinical recommendations? 2) Are there
differences in percent correct scores prior to or following training among the three student groups?
We hypothesized that this simulation-based training would improve the accuracy of identification
of feeding distress signs (behavioral and physiological), increase the ability to use the OFS
assessment tool, and improve the accuracy of clinical recommendations.

https://ir.library.illinoisstate.edu/tlcsd/vol4/iss3/8
DOI: https://doi.org/10.30707/TLCSD4.3/FVMX2142

2

Broadfoot and Estis: Simulation Training to Improve Assessment of Oral Feeding Skills in Preterm infants

Methodology
Study Design. A pre-/post-training within- and between-subjects design was used to determine
the effect of this simulation-based training on participants’ ability to 1) identify physiological and
behavioral signs of feeding distress, 2) use an objective oral feeding skill assessment tool, and 3)
make appropriate clinical recommendations. Specifically, participants were asked to make a
clinical decision to either continue feeding the infant or to stop the oral feeding and refer for a
comprehensive swallowing evaluation. Prior to the study, participants completed written consent
forms and all procedures were approved by the University of South Alabama Institutional Review
Board.
Participants. Graduate level speech-language pathology students (n=20) and undergraduate level
nursing students (n=20) and non-health care students (n=20) participated in this study (N=60).
Non-health care students were defined as undergraduate students with non-health care related
undergraduate majors, such as accounting, business, and computer sciences. All participants were
English speaking, at least 19 years old, and enrolled at the University of South Alabama.
Participants were excluded if they were or have been a parent of an infant in the NICU, or if they
reported more than two days of clinical experience in the NICU. Demographic data for the
participants is found in Table 1.
Table 1
Self-reported demographic information of the participants including mean age
(standard deviation) and sex.
Student Group
Mean Age (Std. Dev)
Sex (F/M)
Non-health care
22.5 (.82)
16/4
Nursing
22.1 (.77)
17/3
Speech-language pathology
23.7 (.21)
20/0
Procedures. All study procedures were completed in the Health Sciences Building at the
University of South Alabama. The orientation and training videos were projected on a large screen
and viewed in a classroom setting as a group and participants completed pre- and post-testing score
sheets individually (see Table 2). Participants watched a three-minute orientation video that
described the experimental task and explained the components of the cardiopulmonary monitor.
To determine participant assessment abilities at baseline, a pre-test was administered. The pre-test
consisted of two, two-minute, simulation-based scenario videos. Participants were instructed to
identify physiological and behavioral signs of feeding distress, use the OFS assessment tool, and
make a clinical recommendation to either continue feeding the infant or to stop the feeding session
and refer for a comprehensive swallow evaluation. Participants then participated in a brief, 60minute simulation-based training protocol. All pre-test and post-tests were administered
individually and there was no time limit to complete the testing. However, no participant took
longer than five minutes to complete each simulation-based scenario. For the post-test, participants
viewed six, two-minute simulation-based feeding scenario videos and were asked to identify and
document physiological and behavioral signs of feeding distress, use the OFS assessment tool, and
provide a clinical recommendation for each video feeding scenario.
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Table 2
Sample participant score sheet for pre-/post-test assessments
Simulation Video Scenario
Birth Gestational Age
Birth Weight
Current Gestational Age
Diagnosis
Volume Prescribed
OFS Skills Assessment
Proficiency (PRO)
Rate of Milk Transfer (RT) OFS Level

Behavioral Markers
Gulping

Coughing

Drooling

Change in Muscle Tone

YES/NO

YES/NO

YES/NO

YES/NO

Physiological Markers
Cyanosis

YES/NO

Irregular
Rate

YES/NO

Heart Irregular
Respiratory
Rate
YES/NO

Decreased
Saturation

Oxygen

YES/NO

Recommendation
Stop Feeding

Continue Feeding

Simulation-based Training. This simulation-based training was administered with a thirtyminute, pre-recorded, voice-over video presentation that was modified from previous work in our
laboratory (Ferguson & Estis, 2018). The simulation-based training described the overall
immaturity of preterm infant biological systems that may be contributing to feeding difficulties,
provided descriptions and examples of physiological and behavioral distress signs of feeding
difficulty in preterm infants, demonstrated use of the OFS assessment tool including calculation
examples, and provided a clinical guide to integrate findings from the assessment to determine
need for a comprehensive feeding evaluation. All participants were provided a printed version of
https://ir.library.illinoisstate.edu/tlcsd/vol4/iss3/8
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the simulation-based training presentation as well as time to ask questions.
Simulation-based Feeding Scenario Videos. To simulate preterm infant feeding scenarios, a
high-fidelity human patient mannequin (HAL® model S3010) was programmed to exhibit
physiological and behavioral signs of feeding distress and the simulation feeds were video
recorded. The movements of HAL® were manipulated to include cyanosis (skin turning blue),
chest rise, spontaneous breathing, rate and depth of respiration, and movement of limbs and muscle
tone. A split-screen was used to display the cardiopulmonary monitor to include the respiratory
rate (located on the bottom of the screen and represented in blue), heart rate (located on the top of
the screen and represented in green), and oxygen saturation level (located in the middle of the
screen and represented in red). These simulation-based feeding scenario videos were modified
from those described by Ferguson & Estis. (2018) to include an animated bottled and timestamp
of the feed (Figure 2). Each video was edited to present the feed in 30 second intervals at the
following times: one minute, five minutes, fifteen minutes, and twenty minutes. This allowed
participants to observe and assess the infant at the beginning of their feed, during the middle of the
feed, and at the end of the feed. The animated bottle allowed for real-time analysis of volume
changes to more accurately represent a realistic feeding scenario. Participants viewed each
simulation-based feeding scenario and were given five minutes to identify and document feeding
distress signs, calculate the OFS level, and provide a clinical recommendation. A brief case-history
including primary diagnosis, gestational age, birth weight, and the formula volume prescribed were
provided with each simulation-based feeding scenario video.
Figure 2. Simulation-based Feeding Scenario Video Illustration

Outcome Variables. The primary outcome variables were: average percent accuracy values
within each student group for identifying behavioral and physiological signs of feeding distress
(max = 100%), OFS level calculations (max = 100%), and clinical recommendation to either
continue feeding or to stop feeding and refer for a swallow evaluation (max = 100%).
Statistical Analyses. All statistical analyses were conducted with SigmaPlot version 12.5 from
Systat Software, Inc., San Jose California USA, www.systatsoftware.com. Table 3 illustrates
means and standard error of the mean for all outcome variables. To determine if there were
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differences in accuracy scores before and after training and if there were differences between
groups, a two x three repeated measures analysis of variance (ANOVA) was carried out with
factors of timepoint (pre/post-training) and student group (speech-language pathology, nursing,
non-health care). All data were tested for normality using the Shapiro-Wilk test (Shapiro & Wilk,
1965) and assessed for equal variances using the Brown-Forsyth analysis (Brown & Forsythe,
1974). This ensured the assumptions of equal variance and normality of the ANOVA were upheld.
When significant effects were found, post-hoc analysis were performed using Holm-Sidak
methods (Holm, 1979). The critical level of significance was set a priori at p < 0.05.
Results
Behavioral Signs of Feeding Distress. Illustrated in Figure 3A, there was a significant interaction
between training and student group [F(2, 57) = 4.893, p = 0.011]. At the pre-training timepoint,
nursing students had significantly higher accuracy percentages than non-health care students (p =
0.002). There were no other significant differences at baseline. After training, however, all student
groups significantly improved: non-healthcare (p < 0.001), nursing (p < 0.001), speech-language
pathology (p < 0.001). Additionally, there were no significant differences in accuracy percentages
between student groups after training.
Physiological Signs of Feeding Distress. Statistical analysis revealed there were no interaction
effects, so data were collapsed to appropriately represent the results (Figure 3B). Analysis found
an effect of training [F(1, 57) = 101.774, p < 0.001] and an effect of group [F(2, 57) = 3.223, p =
0.047]. Regardless of training, speech-language pathology students demonstrated higher average
accuracy scores compared to non-health care students (p = 0.041). All student groups significantly
improved after training (p < 0.001).
Oral Feeding Skill Assessment Tool. There was a significant interaction between training and
student group [F (2, 57) = 4.912, p = 0.011] (Figure 3C). There were no significant differences in
accuracy scores between student groups at the pre-training timepoint. All student groups
significantly improved after training: non-healthcare (p < 0.001), nursing (p < 0.001), speechlanguage pathology (p < 0.001). After training, speech-language pathology students demonstrated
higher accuracy scores than non-health care (p < 0.001) and nursing students (p = 0.001); however,
all student groups had average accuracy scores above 89% post-training (Table 3).
Clinical Recommendation. There were no interaction effects found and the data were collapsed
to illustrate these results. Analysis found a significant effect of training [F (1, 57) = 81.235, p <
0.001] and an effect of student group [F (2, 57) = 5.762, p = 0.005] (Figure 3D). The speechlanguage pathology students demonstrated higher accuracy to make appropriate clinical
recommendations compared to the non-health care (p = 0.009) and nursing students (p = 0.015).
All student groups significantly improved after training (p < 0.001).
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Figure 3. Accuracy percentages for the identification and documentation of the following outcome
variables: (A) behavioral signs of feeding distress, (B) physiological signs of feeding distress, (C)
calculations of Oral Feeding Skill level (OFS), and (D) clinical recommendations to continue/stop
infant feeding. (* indicates p < 0.05, ** indicates p < 0.001).
A.

B.

C.

D.

Table 3
Calculated means (standard error of the mean) for percent accuracy scores
care (NHC), nursing (RN), and speech language pathology (SLP) students.
Student
Behavioral
Physiological
OFS Level
Group
Pre-training
NHC
63.1 (1.16)
63.8 (1.26)
0.0 (0)
RN
74.4 (1.05)
70.6 (1.09)
0.0 (0)
SLP
68.1 (0.89)
71.9 (1.21)
0.0 (0)
Post-training NHC
90.0 (2.37)
87.1 (2.52)
89.6 (1.06)
RN
88.8 (2.45)
89.1 (2.53)
90.7 (0.92)
SLP
93.1 (0.69)
95.2 (0.57)
98.9 (0.43)

Published by ISU ReD: Research and eData, 2020
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Discussion
We hypothesized that this simulation-based training protocol would be an effective method to train
graduate level speech-language pathology and undergraduate level nursing and non-health care
students to accurately identify signs of feeding distress, use an objective assessment tool to
categorize infant feeding skill level, as well as make appropriate clinical recommendations
regarding infant feeding safety. The results of this study indicated that all student groups (nonhealth care, nursing, and speech-language pathology) demonstrated significant improvement in
accuracy scores for all outcome variables post-training. The speech-language pathology students
out-performed their peers (nursing and non-health care) in their ability to use the OFS tool and
make clinical recommendations. Additionally, the speech-language pathology students more
accurately identified physiological signs of feeding distress compared to non-health care students
after training. We expect that their graduate-level status as well as prior knowledge of dysphagia
from undergraduate coursework may have contributed to this success as they are the least novice
of the three study groups. Importantly, all three student groups achieved exceptionally high
accuracy scores for all outcome variables after training. This study confirmed this simulationbased training as an effective and efficient method for educating both students in clinical and nonclinical fields to assess aspects of swallowing safety and efficiency that are critical to the success
of preterm infants.
Current Findings in Relations to Other Work. The results of this study are in agreement with
the findings of Ferguson and Estis (2018). The authors found that simulation-based training, when
compared to lecture-based education, was an effective method to train nursing and speechlanguage pathology students to identify physiological and behavioral signs of feeding distress,
calculate OFS level, and make appropriate clinical recommendations. The results of the present
study has affirmed the use of simulation-based training to identify preterm infant feeding distress
signals and to recognize the need for additional swallow assessment.
Study Limitations and Clinical Implications. An inherent limitation to simulation-based
research is the ability to generalize these findings to human patient scenarios. The simulation
feeding scenarios from this study did not include interactions with preterm infants in the NICU.
Carefully considering the medical fragility of the preterm infant population, mitigating potential
risks to this patient group is exceptionally important. Thus, simulation-based education creates an
opportune exposure for clinicians and caregivers to gain education and experience with complex
medical information without generating patient risk. Therefore, the simulation-based infant
feeding scenarios created for this study were purposefully designed to mimic preterm infant
feeding scenarios as realistically as possible.
Another acknowledged limitation to this study is that the demographic data (Table 1) and the
college-level educational status of the participants in this study does not directly represent the
general population and we did not include caregivers of infants in the NICU. Thus, to determine
if this simulation-based training would increase skills of practicing clinicians or caregivers of
infants in the NICU, future research is warranted. However, we believe this was a necessary first
step, and the findings of this work have impactful clinical relevance. This work will guide future
studies to ensure the simulation-based training practices are optimal across clinical and classroombased educational settings.
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Conclusion
This study identified the effectiveness of a simulation-based training to educate speech-language
pathology, nursing, and non-health care students to identify preterm infant feeding and swallowing
difficulties, use an objective assessment tool, and make appropriate clinical recommendations
regarding infant feeding care. Future research to include practicing clinicians and caregivers of
infants in the NICU is warranted as this training tool has the potential to be a useful educational
tool for individuals responsible for the feeding and care of this fragile population. Utilizing
simulation-based training in the clinical setting to improve novice clinician and caregiver abilities
to identify potential feeding problems in the preterm infant population would lead to improved
feeding outcomes and optimized clinical care for these patients.
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